Reversal of P-glycoprotein (P-gp) mediated multidrug resistance in colon cancer cells by cryptotanshinone and dihydrotanshinone of Salvia miltiorrhiza.
Multidrug resistance (MDR) of cancer cells to a broad spectrum of anticancer drugs is an obstacle to successful chemotherapy. Overexpression of P-glycoprotein (P-gp), an ATP-binding cassette (ABC) membrane transporter, can mediate the efflux of cytotoxic drugs out of cancer cells, leading to MDR and chemotherapy failure. Thus, development of safe and effective P-gp inhibitors plays an important role in circumvention of MDR. This study investigated the reversal of P-gp mediated multidrug resistance in colon cancer cells by five tanshinones including tanshinone I, tanshinone IIA, cryptotanshinone, dihydrotanshinone and miltirone isolated from Salvia miltiorrhiza (Danshen), known to be safe in traditional Chinese medicine. The inhibitory effects of tanshinones on P-gp function were compared using digoxin bi-directional transport assay in Caco-2 cells. The potentiation of cytotoxicity of anticancer drugs by effective tanshinones were evaluated by MTT assay. Doxorubicin efflux assay by flow cytometry, P-gp protein expression by western blot analysis, immunofluorescence for P-gp by confocal microscopy, quantitative real-time PCR and P-gp ATPase activity assay were used to study the possible underlying mechanisms of action of effective tanshinones. Bi-directional transport assay showed that only cryptotanshinone and dihydrotanshinone decreased digoxin efflux ratio in a concentration-dependent manner, indicating their inhibitory effects on P-gp function; whereas, tanshinone I, tanshinone IIA and miltirone had no inhibitory effects. Moreover, both cryptotanshinone and dihydrotanshinone could potentiate the cytotoxicity of doxorubicin and irinotecan in P-gp overexpressing SW620 Ad300 colon cancer cells. Results from mechanistic studies revealed that these two tanshinones increased intracellular accumulation of the P-gp substrate anticancer drugs, presumably by down-regulating P-gp mRNA and protein levels, and inhibiting P-gp ATPase activity. Taken together, these findings suggest that cryptotanshinone and dihydrotanshinone could be further developed for sensitizing resistant cancer cells and used as an adjuvant therapy together with anticancer drugs to improve their therapeutic efficacies for colon cancer.